Cystodermella cinnabarina is reported here for the first time from the moist temperate forests of western Himalaya and is the first collection of a Cystodermella from Pakistan. This species is redescribed here using morphological and molecular data. The phylogenetic analysis which is based on internal transcribed spacers (ITS) showed that the Pakistani collection clustered distinctly with similar European sequences in the Cystodermella clade. The Italian and north European sequences of this species clustered in two separate subclades and the Pakistani sequences closely matched the Italian sequences. It is evident that the Pakistani population has a very close evolutionary affinity with the Italian individuals rather than those from northern Europe. The species is distributed in Europe, in North America, and now in the western Himalaya of Asia.
Introduction
Cystodermella is small genus which contains only 12 species [1] . Cystodermella is characterized by having lamellae regularly attached to the stipe, a nonpersistent, scaly annulus, hyaline, smooth, and most importantly inamyloid basidiospores [2, 3] . This genus was segregated from Cystoderma Fayod not only on the basis of morphology and colour reaction (inamyloid basidiospores) but molecular findings also supported phenotypic differences (variation of ITS and LSU markers) [4, 5] . Harmaja [2] described this new genus on the basis of morphoanatomical characters and later many researchers used molecular data to determine the relationship of these two genera [6] . After Moncalvo et al. [5] , Saar et al. [3] described Cystoderma and Cystodermella as distinct monophyletic genera on the basis of LSS and ITS barcodes. The genus Cystodermella is widely distributed in Europe, North America, and Asia but Cystodermella cinnabarina, which is a conspecific with Cystoderma cinnabarinum, has not been described before from Asia.
Western Himalaya, the part of Himalaya that lies in Pakistan, is floristically rich with more than 750 plant species of coniferous mixed with deciduous vegetation and more than 300 macrofungi [7, 8] . These forests are renowned for their species richness of euagarics [7, [9] [10] [11] . Recently, Razaq et al. [12, 13] described a few species from this area using internal transcribed spacers of ribosomal DNA and elucidated their phylogeographic relationship with European collections. During a field tour in 2010, a colorful whitegilled mushroom was collected which was identified as Cystoderma sp. in the field and anatomical and molecular studies showed that it is Cystodermella cinnabarina. This genus had never been reported before from the western Himalaya and C. cinnabarina is the first representative of this genus from Pakistan. The Pakistani collection has been described morphologically and molecularly.
Methods
Basidiocarps were photographed in the field and morphological characters noted. Sections of lamellae were stained with Congo Red and Melzer's reagent. Measurements were made of 25 basidiospores, 20 basidia, and 20 cystidia from each basidioma under the light microscope equipped with a camera lucida. 
Molecular Characterization and Phylogenetic Analysis.
A sample from a dried specimen of each species was ground in liquid nitrogen and placed in 2% CTAB buffer and DNA was extracted using the method of Gardes and Bruns [14] . The ITS region of rDNA was amplified using universal primer pair ITS1F and ITS4 [15] . PCR was performed in a 20 L reaction volume following the protocol given by Gardes and Bruns [14] . The size of the PCR product was determined on 1.5% agarose gel in a gel doc system using the default setting. PCR product was directly sequenced in both directions using the same pair of amplification primers (Macrogen, Korea). The generated sequence was edited manually using the BioEdit sequence alignment editor version 7.0.9.0 [16] . For initial comparison and alignment of the sequence, Basic Local Alignment Search Tool (BLAST) analysis was performed using the National Center for Biotechnology Information (NCBI), USA database. For further phylogenetic analysis and alignment of the sequence, closely related sequences were retrieved from GenBank. The newly generated sequence and the retrieved sequences were aligned using ClustalW program of Molecular Evolutionary Genetics Analysis (MEGA. 5.1) software [17] . This same software was used for phylogenetic analysis. The maximum likelihood (ML) method was based on the Jukes-Cantor model of nrITS sequences using Nearest-Neighbor-Interchange (NNI) as the ML heuristic search method. All gaps were treated as data and the phylogeny was tested by a bootstrap value of 1000 replicates. Consensus nucleotide sequences of material examined were deposited in the European Molecular Biology Laboratory (EMBL) database.
Results

Taxonomy
Morphoanatomical Characterization. Pileus 2.5-6 cm across, hemispherical to broadly convex, orange-brown to brownish red, fleshy, surface uniform with granular to fine warts over the whole surface, centrally depressed, margins white, involute, undulating, and striated. Flesh white, soft, and up to 0.5 cm thick at disc. Lamellae off white to cream, adnexed, crowded, and edges entire; partial veil orange-brown, entirely covering the gills in premature stages, and drooping when mature. Stipe 2.0-5 × 0.5-1 cm, hollow, swollen, dry, white scales in the form of sheath covering half of the stipe, white above the veil, and dark orange-brown on lower side.
Basidiospores 4.0-6.0 × 2.5-4.5 m, broadly ellipsoid, smooth, hyaline, with light green contents in 5% KOH, thin-walled, and inamyloid in Melzer's reagent. Basidia 21.0-68.5 × 5.5-7.5 m, 4-spored, clavate to club shaped, smooth, thin-walled, and hyaline to pale yellow in 5% KOH with clamps at base. Cheilocystidia and pleurocystidia, 47.0-59.5 × 5.5-6.5 m, spear-shaped, hyaline, clustered, thin-walled, ventricose below, tapering to a long, narrow neck, apex covered with crystals. Trama consists of loosely arranged hyphae 4-6 m. 
Habitat and Distribution.
In Pakistan this species was collected from a forest which has many decaying logs of coniferous trees and this specimen was collected from litter which is under decaying process. This species is distributed in Asian countries, Europe, America, and Africa [18, 19] .
Molecular Characterization and Phylogenetic Analysis.
The target region comprising internal transcribed spacers (ITS1 & ITS2) and 5.8S of rDNA gave fragments of approximately 700 bp on amplification in the polymerase chain reaction (PCR) using fungal universal primer pairs (ITS1F and ITS4). The initial BLAST analysis of nucleotide sequences revealed that the Pakistani collections (HF559380.1 and HF559381.1) had their maximum match with Cystoderma cinnabarinum (GenBank accession # JF907975.1), 99% query coverage, value 0. All the sequences in the BLAST analysis of our sequence belong to the same genus or to a different genus in the same family. The percentage base similarity was found to be maximum with Cystoderma cinnabarinum (JF907975.1), an Italian collection submitted from USA. Other closely related BLAST sequences showed 99%, 99%, 99%, and 99% similarity with C. superbum (GenBank accession JF907974.1, Italy), C. terrei (GenBank accession # JF907973.1, Italy), Cystodermella cinnabarina (GenBank accession # AM946515.1, Russia-Northern Caucasus), and C. cinnabarina (GenBank accession # AM946514.1, Estonia), respectively.
The phylogenetic analysis of the Cystodermella species collected from Pakistan was carried out using the maximum likelihood method. The sequences included in this analysis had initially 1332 characters, from which 701 characters were used in the final analysis after trimming the alignment from both 5 and 3 sides. In this phylogenetic analysis, the gaps are treated as data. A total of 31 sequences were included in this analysis, which clustered into two major clades: the Cystodermella clade and the Cystoderma Fayod clade (Figure 2) . One species of Cystodermella cinnabarina which had been collected from the Himalayan wet temperate forests of Pakistan was close to the sequences of Cystodermella cinnabarina (AM946513.1, AM946512.1, AM946514.1, and AM946515.1) and Cystoderma cinnabarinum (JF907975.1) with a significant bootstrap value. The presence of cheilocystidia and inamyloid spores identifies the species as Cystodermella cinnabarina. Both Cystoderma cinnabarinum and C. terrei are synonyms as they both fall in same clade (Figure 2 ).
Discussion
Cystodermella is a newly erected genus whose generic characters are mostly based on molecular studies [5] . Harmaja [2] created this genus from already existing species of Cystoderma; therefore, species of both genera are closely related morphologically but clustered monophyletically in distinct clades when analyzed on a molecular basis [3] . Cystodermella cinnabarina is characterized by the orangish brown pileus, nettle hair, or spear shaped cystidia with encrusted apices and inamyloid basidiospores (a generic character). Pileus coloration of Cystodermella cinnabarina and Cystoderma terrei and C. cinnabarinum is almost similar [18, 19] and Saar et al. [3] proved the conspecific nature of C. cinnabarinum, in molecular analysis, with Cystodermella cinnabarina.
Morphologically, the Pakistani collection is in close agreement with the description of C. cinnabarina given by Saar [19] with the exception of a somewhat larger spore size (Pakistani collection 4.0-6.0 × 2.5-4.5 m versus European collection 3.5-5.0 × 2.0-2.5 m). The spore size of our collection is very close to Cystoderma carcharias (Pers.) Fayod that is reported from India but that species differs in its white pileus and amyloid basidiospores [20] . Spore size differences in C. cinnabarina can be correlated with continental drift and geographical isolation of both populations and variation in their genetic material which is a useful tool for adapting to different environments. This genetic relatedness and these differences are also observed in phylogenetic analysis, in this study, of different populations of this species from different areas of the world.
In the phylogenetic analysis, Cystoderma and Cystodermella distinctly clustered in two clades (Figure 2) . Cystodermella clade is comprised of two subclades, C. cinnabarina and the rest of the species of Cystodermella; the former subclade has two sequences of Cystoderma cinnabarinum and C. terrei, the synonyms, and one sequence of C. superbum. Three sequences of Cystoderma present in the Cystodermella clade represent Cystodermella cinnabarina. Among these sequences, Cystoderma superbum (JF907974) is misidentified as it clustered clearly with sequences of Cystodermella cinnabarina while the two published vouchered collections of C. superbum (AM946503 and AM946504) clustered independently in the Cystoderma clade (Figure 2 ). The Asian collection from Pakistan clustered with Italian sequences indicating that the Pakistani population, genetically, is more similar to the Italian collection rather than those from Sweden, Estonia, and Russia. The last three populations are genetically more cohesive and found towards the Arctic Circle or in an isotherm area of prolonged cold climate while the first two populations experience a temperate climate and are close to the equator. Geml et al. 2012 [21] also described this type of biogeographic and allopathic pattern among different European ectomycorrhizal fungi and also explained their phylogeographic origins. Cystodermella was believed to be well distributed in the world and the greatest diversity is known from north temperate and boreal zones [2] . Osmundson et al. [22] reported Cystoderma cinnabarinum (JF907974) from Italy while Sesli [23] described its presence from Turkey. This species is also common in Estonia, Russia (Northern Caucasus), Sweden [3] , North America, and Africa [19] but from the subcontinental plate or Indian plate, it is reported for the first time.
